to standard medical care, in patients selected with noncontrast computed tomography (CT), CT angiography (CTA), and optional CT perfusion (CTP). 5 A key inclusion criterion in ESCAPE was the presence of moderate to good collateral supply on CTA.
Acute measurement of the ischemic core and penumbra has been shown to be an accurate predictor of patient outcome in those receiving intravenous thrombolysis. 6 Typically, patients with penumbral patterns, that is a small ischemic core and a large penumbra, are thought to benefit the most from reperfusion therapy, whereas those with a large and established ischemic core are more at risk of hemorrhage and a poor clinical outcome with intravenous thrombolysis. However, with the advent of EVT, the clinical role of these measures needs to be reassessed.
CTP-derived maps of regional cerebral blood flow (CBF), cerebral blood volume, mean transit times, and delay time (DT) can be used to estimate the extent of core and penumbral tissue. 7, 8 The estimated volume of penumbra measured with CTP has been shown to predict good outcomes in patients treated with reperfusion strategies. [9] [10] [11] [12] Previous studies indicate that not only do nonpenumbral pattern patients have a poorer prognosis than penumbral pattern patients but also that CTP can be used to identify patients at an increased risk of hemorrhagic transformation. 6, 13 However, complex postprocessing, variability in image acquisition capabilities, and a lack of standardization of perfusion thresholds have hampered routine clinical use. 14, 15 Furthermore, the majority of CTP studies have been completed in patients treated with systemic thrombolysis alone. The utility of CTP in predicting outcome in patients undergoing EVT is unknown.
Although a large portion of the ESCAPE patients underwent CTP, these data were not required to randomize. Although noncontrast CT and CTA were the preferred imaging modalities, alternative definitions of moderate-large core based on subjective assessment of areas with low cerebral blood volume and CBF seen on CTP maps were provided as guidance to investigators. 5 We tested the hypothesis that patients treated with EVT with CTP penumbral patterns have higher rates of good clinical outcome. The hypothesis that CTP can identify additional patients with large ischemic core volumes and poor prognosis, in whom therapy is likely to be futile, was also tested.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Patient Population
Ethics approval was obtained at each site for the original ESCAPE trial. Where permitted, the consent process was deferred in cases where patients lacked the capacity to provide consent, and a legally authorized representative was unavailable. Patients enrolled in ESCAPE had small infarct cores, defined as a noncontrast CT Alberta Stroke Program Early CT Score of 6 to 10. All patients had proximal anterior circulation occlusions with CTA evidence of moderate to good collaterals as assessed by site investigators acutely. Patients were randomized to EVT therapy versus standard guideline-based care, including thrombolysis in eligible patients.
5,16,17

Image Acquisition
Perfusion images were acquired at 13 sites, using site-specific protocols. Images were acquired using Siemens SOMATOM Sensation 64, Siemens SOMATOM Definition Flash, Siemens SOMATOM Definition AS, GE Discovery CT750 HD, GE Lightspeed VCT, Toshiba Aquilion ONE, and Philips iCT 128 scanners. Acquisition volume varied from 2.8 to 23.0 cm coverage, with slice thickness varying from 0.5 to 10.0 mm.
Image Analysis
All CTP images were postprocessed centrally using the MIStar program (Apollo Medical Imaging Technology, Melbourne, Australia) with single value deconvolution with delay and dispersion correction to generate maps of cerebral blood volume, CBF, mean transit times, and DT. 18 The perfusion deficit volume was defined using a threshold DT >3 seconds. The ischemic core was defined as tissue with a CBF of <30% inside the perfusion deficit. The penumbra was defined as tissue within the DT >3 seconds deficit, which was not the ischemic core (ie, CBF >30%). 6 A penumbral pattern was defined using the DEFUSE 2 criteria (Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution) for target mismatch; core volume <70 mL, penumbral tissue volume >15 mL, and a mismatch ratio of total perfusion deficit to core volume >1.8.
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Outcomes
The primary study outcome was good functional outcome at 90 days defined as a modified Rankin Scale score of 0 to 2. Secondary imaging outcomes were final infarct volume, infarct growth, and penumbral salvage volume at 24 hours. Final infarct volume was measured using planimetric techniques (Quantomo; Cybertrial, Inc, Calgary, Canada) 6 on noncontrast CT images or diffusion-weighted magnetic resonance images when available. Measurements were completed by imaging experts blinded to clinical information, as previously described. Infarct growth was calculated as the difference between baseline CTP ischemic core volume and the 24-hour infarct volume. 20 Penumbral salvage was calculated as the difference between the baseline perfusion deficit volume and the 24-hour infarct volume.
Statistical Analysis
Statistical analysis was performed using SPSS 22.0 (IBM Corporation, 2014, NY). Differences in median final infarct volume, infarct growth, penumbral salvage, baseline Alberta Stroke Program Early CT Score, and 24-hour National Institutes of Health Stroke Scale improvement between groups were assessed with a 1-way ANOVA, followed by post hoc Mann-Whitney U tests. Differences in the frequency of good functional outcome between groups were assessed with Pearson χ 2 test.
Results
Patient Population
Of the 316 patients randomized in the ESCAPE trial, 138 patients underwent CTP imaging. Ten patients were excluded because of patient motion, leaving 128 patients in the final analysis, 116 (90.6%) of whom had penumbral patterns on CTP ( Figure 1 ). Of the 12 nonpenumbral pattern patients, 10 (83.3%) had baseline core volumes >70 mL (large; Figure 2 ). Patients with penumbral and nonpenumbral patterns had similar baseline clinical characteristics (Table 1) . Median (interquartile range) baseline Alberta Stroke Program Early CT Scores of patients with nonpenumbral patterns (9 [7-9.5]) and penumbral patterns (9 [8-10] ) were similar (P=0.179). Collateral grades were assessed centrally by blinded raters in the core laboratory using CTA source images, including multiphase data in 85 of 128 (66.4%) of patients. Multiphase
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June 2018 CTA was obtained in 75 of 116 (64.7%) penumbral and 10 of 12 (83.3%) nonpenumbral patients. Eight patients (6.2%) were graded as having poor collaterals by the core laboratory, 5 of whom had a nonpenumbral pattern. Of the 12 nonpenumbral pattern patients, 5 were rated as having poor collaterals, 2 were rated as moderate, and 5 were rated as good. Three patients with collaterals graded as poor had penumbral patterns. Median collateral grades were significantly lower in nonpenumbral patients ( Table 1) . Collateral grades did not differ between EVT-treated and control penumbral patients (Table 2) .
Penumbral Patterns and Clinical Outcomes
Functional outcome data were available in 126 of 128 patients. Two patients, both of whom had penumbral patterns and were in the control group, were lost to 90-day follow-up. Irrespective of treatment group, good functional outcome at 90 days was seen more frequently in penumbral than nonpenumbral pattern patients (46% versus 17%; P=0.041; Table 1 ). The median 90-day modified Rankin Scale was lower in penumbral patients (3 [1] [2] [3] [4] 
Effect of EVT in Penumbral Pattern Patients
Of the 116 penumbral pattern patients, 58 were randomized to EVT and 58 were in the control group. Median time to groin puncture in the 58 EVT patients who underwent CTP was 172.0 (137.5-284.0) minutes, which was similar to that of the remaining 104 EVT patients (220.0 [148.0-323.0] minutes; P=0.073).
Despite similar baseline clinical and imaging characteristics, final infarct volume and core growth were both significantly lower in the EVT than the control patients (Table 2) . By chance, the 12 nonpenumbral pattern patients were disproportionately randomized between the EVT (3) and control groups (9) , preventing meaningful analysis of the effect of EVT in these patients.
Within the penumbral pattern patients, good functional outcome occurred more often in the EVT (57%) than the control 
Effect of Recanalization
Of the 12 nonpenumbral patients, 11 had follow-up vessel imaging permitting an analysis of recanalization rates. Five of 11 patients recanalized. Despite similar baseline characteristics in the recanalized and nonrecanalized patients, final infarct volumes and 90-day modified Rankin Scale scores were similar (Table 3 ). In contrast, recanalization in penumbral pattern patients was associated with lower final infarct volumes and 90-day modified Rankin Scale scores.
Discussion
These results suggest that although perfusion imaging was not required to enroll patients in ESCAPE, most patients who did undergo CTP imaging did, in fact, have penumbral patterns. In addition, the presence of a penumbral pattern was associated with a better clinical and tissue fate prognosis, irrespective of treatment and recanalization. Prognosis was further improved by EVT therapy and early recanalization. Although the presence of a nonpenumbral pattern was associated with a worse prognosis, a response to EVT/recanalization in this group of patients cannot be ruled out by the present data. Symptomatic hemorrhage was rare and not affected by CTP pattern or by treatment.
Patients in ESCAPE were selected using noncontrast CT and CTA images. Most patients in the 5 pivotal EVT therapy trials were selected on this basis. 5, [21] [22] [23] [24] Only the EXTEND IA trial (Extending the Time for Thrombolysis in Emergency Neurological Deficits-Intra-Arterial) included penumbral imaging patterns in the inclusion/exclusion criteria for all patients. Screening log data from EXTEND IA indicated that ≈25% of patients were excluded on the basis of the CTP. 23 This seems to be slightly more frequent than the 10% of patients with nonpenumbral patterns in our sample. This may be explained by the fact that poor collaterals, which were an exclusion criterion for ESCAPE, are likely to be associated with nonpenumbral patterns. Our analysis was also completed in a nonrandomly selected subset of the ESCAPE population.
In patients with proximal occlusions, the most common cause of a nonpenumbral pattern was a large CTP-defined predicted ischemic core, not evident on noncontrast CT (Figure 2 ). Patients presenting with a nonpenumbral pattern had similar baseline Alberta Stroke Program Early CT Scores to those with penumbral patterns. This was not unexpected given the evidence for the limited sensitivity of noncontrast CT for detection of early ischemic changes. [25] [26] [27] [28] The additional information provided by CTA source image collateral assessment likely limited the number of nonpenumbral pattern patients in ESCAPE as well although some patients with large cores evident on CTP were still included (Figure 2) .
The promise of penumbral imaging is the replacement of the therapeutic time window with one based on tissue status. To a certain extent, this was achieved by the ESCAPE trial, as well as the 4 other pivotal EVT studies, where the presence of penumbral tissue was inferred from CT and CTA collateral data. These trials have already expanded the intervention window from 4.5 to a minimum of 6 hours, with some support for treatment up to 12 hours. A small retrospective analysis of endovascular patient selection based on CT perfusion data indicated that treatment response in penumbral pattern patients was independent of onset to treatment time. 29 The recently published DAWN trial (Diffusion Weighted Imaging or CTP Assessment With Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes Undergoing Neurointervention) results suggest that blood flow-based selection can indeed be used to treat patients within 24 hours of their last known well time. 30 The potential additional benefit of penumbral imaging is the exclusion of patients who may not respond to therapy or even be harmed by intervention. In the present analysis, nonpenumbral pattern patients were less likely to make independent recoveries, but a response to EVT cannot be excluded. A randomized study of patients with nonpenumbral patterns is required to address this question definitively. Within ESCAPE, EVT patients in whom CTP was performed electively did not seem to suffer with respect to time to groin puncture. This suggests that CTP can be done efficiently when integrated into the workflow of patients with acute stroke. There is also some evidence that nonpenumbral patterns identified with CTP can identify patients at increased risk of hemorrhagic transformation. 6, 13 In our present analysis, there was no increased risk of hemorrhage in nonpenumbral pattern patients although the small sample size and the low frequency of the event require a larger sample size to approach this topic with certainty.
This study has several limitations. Perfusion imaging was not required in ESCAPE. This analysis is, therefore, based on an incomplete and nonrandomized sample of the larger trial population. Indeed, the disproportionate number of nonpenumbral patients in the control group made it impossible to draw any conclusions about the effect of EVT in this group of patients. Similarly, the low total number of nonpenumbral pattern patients (12) makes it difficult to definitively conclude outcome is worse in this group. This likely reflects the highly selected nature of the population, using the ESCAPE inclusion/exclusion criteria. In addition, it is possible that at sites where CTP was acquired, patients were excluded by investigators who felt that CT vendor maps revealed a nonpenumbral pattern. Regardless, our data suggest that outcomes in patients with nonpenumbral patients, particularly those with large ischemic cores, are generally worse than those with penumbra, irrespective of treatment. Another limitation is the use of noncontrast CT as a follow-up imaging modality for many patients, which is inferior to diffusion-weighted magnetic resonance imaging with respect to reliable final infarct volume measurement. 31, 32 There is also variation in the CTP imaging techniques between centers, with a range of brain coverage (2.8 versus 23 cm). This may result in a reduced reliability of initial core and penumbral volumes at sites with incomplete lesion coverage. Finally, although an analysis of the effect of endovascular treatment on nonpenumbral patients could not be completed, there may be cases where endovascular treatment is still preferred in the large core group, provided sufficient mismatch pattern is achieved, although a poorer prognosis relative to smaller core patients is still to be expected. 33 
Conclusions
The majority of ESCAPE patients who underwent CTP imaging had large penumbral patterns. Adding CTP-based selection criteria may have resulted in the exclusion of another 10% of patients who may be unlikely to benefit from reperfusion strategies. Patients presenting with a penumbral CTP pattern have a better prognosis than those with nonpenumbral patients and also respond more favorably to EVT, as well as early recanalization. 
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